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i.  n.iuiuiitfOSR.-ni-  8  7  “  0  8  3  9 

The  performance  of  rrajets  burning  slurry  fuels  (leading  to  condensed  aride  aerosols  and  liquid  file 
deposits),  gss  turbine  CT)  engines  in  dusty  atmospheres,  or  when  using  fuels  free  non-ttsditicnsl 
sources  Gag*  shale-,  or  coal-derived),  depends  upon  the  formation  and  transport  of  as  11  particles 
across  ncn-isothermsl  crafeusticn  gas  boundary  layers  QLs).  Moreover,  even  eizbzesthing  anginas  burning 
'blaatf'  hydrocarbon  fuels  can  esperience  soot  fonet  ion/ deposit  ion  problans  (e.g.,  coebustor  liner 
burnout,  accelerated  turbine  blade  erosicn  and  ’tat”  corrosion).  Accordingly,  cur  research  is  directed 
toward  providing  chmnical  propulsion  systras  R  &  D  engineers  with  nm  techniques  and  qualitative 
infosxeticr  on  important  perticls  aid  vapor  aese  traiaport  Dschaniaw  end  rates. 

The  purpose  of  this  report  is  to  briefly  simarise  our  research  methods  and  accceplirbaita  under 
AFOSR  Grant  84-0034  Obchnicjl  Monitor:  JJi  TLsHuff)  duriig  the  one-yeer  period:  12/1/84  -  11/30/85. 
Reeders  interested  in  greeter  detail  that  contained  in  Section  2  are  advised  to  consult  the  published 
papers  cited  in  Sections  2,  5.  Cbpiss  of  ay  of  these  published  papers  or  preprints  can  be  obtained  by 
writing  the  PI:  Prof.  Daniel  £  Roarer  at  the  Department  of  Chancel  ftigineering,  Tele  University,  Bern 
2159  Yale  Station,  Nw  Haven,  CT  06520,  USX  Cbaants  on,  or  aoaples  of.  the  applicability  of  our 
research  results  will  be  especially  welcome. 

An  interactive  experimental /theoretical  approach  ie  being  used  to  gain  an  understanding  of 
perf onance-1  imiting  chmnical-,  aid  msas/energy  transfer— phenomena  at  or  nasr  interfaces.  Una  includes 
the  development  aid  exploitation  of  aaadad  laboratory  flat  flrae  burners  and  cooled  targets 

(see,  e.g..  Fig.  1),  flow-reactors  (Pig,  8),  end  new  optical  diagnostic/  spectroscopic  techniques. 
Resulting  ocperioental  rate  data,  together  with  the  predictions  of  ccspmhansive  eeynptotic  theories,  axe 
then  used  aa  the  basis  for  proposing  end  verifying  simple  viewpoints  and  effective  engineering 
correlations  for  future  daeiyi/opt  imitation  studies. 


2.  NBMKB  AGGDCLI9MNI5  AID  RHJGRnXXB 

Moat  of  the  results  we  have  obtained  aider  Grant  AFQGR  84-0034  car  be  subdivided  into  the  3  sib 
sections  below: 

2.L  Seeded  Flame  Btperimanta  an  Vapor  rod  Submicron  Particulate  Ibanepcat  Rates 

Using  seeded,  atmospheric  pressure  fist  flmra  burner  techniques  0,10,14)  ccabinsd  with  the  laser 
optical  probing  of  chmnically  inert,  reflective  targets  Gag*  Ft  ribbons;  ass  Fig,  1)  we  have  studied 
the  rates  of  chemical  vapor  deposition  (14),  submicron  particle  deposition  (1)  and  the  rates  of 
condensate  evaporation  (e.g.,  B2<>3(i);  sea  Fig.  2  and  Section  3).  In  unseeded  but  fuel-rich 
hydrccetbon/ceygro  flames  we  have  d«e«netreted  that  carbonaceous  soot  particle  transport  to  irocrasd 
thermocouple  probes  occurs  according  to  the  law  of  theoaophoraeia  (O).  ihus,  straight- lira  xw-plots 
of  thermocouple  diameter  vs.  time  data  are  possible  (Fi*  3)  rod  the  elapse  to)  of  then  particular 
plots,  presumably  proportional  to  the  local  soot  voltwe  fraction  fV|t<  era  indeed  consist  ant  with  laser 
light  artincticn  aeasurroerts  across  throe  aroe  f Irons  (Fig,  4).  According  to  the  aroe  theory,  it  should 
also  be  possible  to  simultaneously  determine  local  gas  temperatures  —  a  schema  which  we  call 
’^hsrmophuretic  t  ha  rarest  r/*  Che  variant,  currently  radar  investigation,  is  toetchsd  in  Fig.  5.  where 
tbs  notation  is  that  of  Ref.  4  and  Xii  d  (n  kg/d  -in  T,  where  kg  is  the  combustion  gas  thermal 
conductivity.  Ironical  ly,  in  this  achane  the  praaracr  of  soot  is  mrofoitad  to  determine  Tg,  rad  is  not 
tie  obstacle  which  greet  ly  complicates  its  accurate  inference  (4)1 
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12.  TuMjwt  ttgtjR  It/iikjJituticilly  Modified  Boiiijiry  Ijyg  Owvgtivt  Mut  Tf  Mflxiit 

We  are  attending  our  previous  solutions  and  correlations  of  themophoretically  oodificd  stdadcm 
particle  anas  transport  across  laainar  0,7,8)  and  turfaulant  ILe  (6,8)  into  tbs  domain  of  high  particle 
■ass  loading  06),  a  situation  encountered  in  nacrous  ast crisis  processing  applications,  and,  locally, 

in  two -phase  (eg,  droplet/gas)  floss  of  chancel  propulsion  interest.  Also^  herauac  of  firms  lip, 
interest  in  the  Sonet  diffusion  of  large,  highly  ncnapherical  aoleculas  and  the  thrmophoretic  transport 
of  nonapherifal  particles  (eg.  long  soot  aggregates)  we  have  recently  predicted  their  «*—— ^  diffusion 
factors,  (Fig.  6,  Ref.  15)  and  hope  to  atpariaaitally  test  ace*  of  these  predictions  and  their  H r 
consequences  in  the  future.  He  have  also  begun  aaploring  tin  scavenging  affects  of  aufeicrcn  particulate 
■attar  (eg,  an  inoxgmic  nist  or  fine)  an  vapor  diffusion  across  ELs  (12),  using  a  eeth— etical  aodel 
in  which  the  departure  fra  local  vapor/liquid  equilibria  is  dictated  priaerily  by  the  product  of  a 
Daritohler  tuber  (0  aid  particle  loading  pansete  (L)  (see  Fig  7).  These  aethods/results,  along  with 
our  previous  nalysis  of  sheei  driven  viscous  deposits  0.7),  could  be  used  to  predict  the  behavior  of 
reaction  product  ’felastf*  layers  on  turbine  blades  and/or  aadmust  nossles,  as  well  as  tits  behavior  of 
glaae-fonring  refractory  solids  in  high  shear  corrosive  mltiphsse  arrvironeanta. 

23.  Heterogeneous  Kinetics 

1b  sake  (i)  rapid  raapcnaa  gas/solid  reaction  rata  aaasuraaants  over  a  large  lanpaiernia  range,  nd 
(ii)  surface  ness  balances  necessary  for  aechanistic  understanding  of  high  taaperature  gss/solid 
reactions,  we  have  recently  bear  exploiting  m  mission  apacttoscopic  technique.  In  this  technique,  a 
law  pressure  edcrowsve-indureri  plans  OOP)  eecitee  charset  eristic  amission  froa  the  ateaa  in  the  ganoua 
product  species  of  e  gas/solid  reaction  in  a  low  pressure  flaw  teertor. 

Ur  employ  a  modified  version  of  our  transonic,  vacua  flow  reactors  (Fig  8)  developed  earlier  under 
AFOSR-support  fox  the  study  of  gas  reactions  with  silicon-  and  boron-containing  refrectoay  solid 
ccepcund*  (18).  However,  now  the  reaction  product  vapor  aperies  are  dissociated  and  electronic  Mission 
frva  the  resulting  ateaa  is  produced  in  a  airrnweve  dierfeige  plaaa  O  before  leaving  the  reactor. 
Evaporation  end  gasification  reectione  ere  studied  by  nessuring  Mission  intensity,  I,  froa  this 
discharge,  via  a  GL5m  Jarrell-Aeh  monochromator. 

Aside  froa  steady-state  reaction  rate  neasumants.  flash  evolution  npsriaants  con  he  carried  out 
to  aaeaure  the  amount  of  condensed  product  arterial  foaaad  on  a  surface  during  raartitsu  provided,  of 
course,  that  the  reaction  product  (eg,  BjOj)  has  e  higher  volatility  than  that  of  the  substrata.  eg. 
B(a).  In  such  experiments  the  filaaant  is  aaposad  to  the  gaseous  reagent  for  aoae  reaction  tie* 
(normally  only  a  far  ainutaa).  Thai,  the  gaseous  reagent  flow  into  tbs  reactor  is  stopped  and  the 
filaaant  cooled.  Finally,  the  I(t)  is  datandned  shat  the  filana*  is  hasted  tiddly.  The  (it i— r  and 
the  inner  co-axial  aha  shown  in  Fig  8  wan  install  ad  so  that  the  aystea  detects  oily  products  frca  the 
central,  unifoor-taapatacura  region  of  the  filnant. 


He  ere  now  perforating  preliminary  aperhanu  on  the  application  of  this  aricroweve-induced  plana 
aadaaion  spectroscopy  0UFU9  tedsdque  to  the  oxidation  of  boron  a  ayetaa  of  conaideieble  interest  to 
the  propulsion  coamunity,  but  an  ebon  poorly  understood  kinetics  are  apparently  influenced  by  tbs 
condanihility  of  the  reaction  prefect  B**  Fteliainny  isnlta  hava  fen  fetetaad  for  the  high 
tefeoracure  gaaificatine  Unties  of  boron  by  C^(g),  nd  (Xfet^and  will  be  reported  at  the  tat  rest  am 
Stern  Oeehuetion  Institute  Oanfamca  In  the  future  we  will  initiate  aeaaumants  of  the  nidation 
kinetics  of  boron  by  BjOjtg)  (i*e»  GKKXg))  nd  acploit  the  rapid-response  characteristics  of  our  HUES 

such  studies  could  shad  valuable  light  on  the  response  of  solid  fuel  surf  sen  in  a  turbulent 
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3.  HMoasstam  nwiim« ; 


Tfcble  3.1  ■■writM  the  peracnnel  who  heve  contributed  to  this  raeeeteh  proggan  during  the  period: 
12/1/84  -  11/30/S,  el  eng  with  the  eubject  Better  of  eech  invest  igatori  research  contribution. 
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In  tbs  OSR-sponecred  work  briefly  described  here  we  hsve  dxw  thet  ne»  laser-based  eapernntal 

tschniqu—  for  rapidly - ing  vapor-  and  particle  eeai  treafer  rates  (1^,14),  eafcined  with  recent 

advmcse  in  whet  night  be  called  "thstnophoretic  herniary  layer  tbaoriW  C.3,6-9,19),  are  providing 
useful  nesna  to  incorporate  these  phsncnene  in  aany  propulsion  engineering  deeign/optinixation 
calculations,  lb  the  future  we  hope  to  artcid  this  week  to  include*  aaang  other  things*  the  potentially 
important  effects  of  >"gh  local  particle  aaea  loading  (16).  nen-nogligible  particle  inertia,  and  highly 
nonspherical  particles  Cor  aolecules)  (15).  lb  abed  light  on  particle  ignition*  NtaartjT  cahuaticn  and 
satinet  ion.  our  currant  research  on  die  kinetics  of  boron  gasification  using  KZRB  will  be  eatanded  to 
mmax*  the  B£Oj(g)/&(s)  reaction  and  the  response  of  such  surfaces  to  madim  changes  in  temperature  end 
reactant  penial  prsssnrts. 
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